Abstract. Using observations from different Galileo experiments (plasma wave system, magnetometer and energetic particle detector), we analyze a strong magnetospheric disturbance that occurs on day 311 of 1996 as Galileo was close to Jupiter (less than 15 Jovian radii). This perturbation is characterized by multiple injections of energetic particles in the inner magnetosphere and has been described as a possible analog of the terrestrial magnetic storm by Mauk et al. [1999]. We show here that it also corresponds to a large-scale magnetospheric perturbation similar to the "energetic events" described by Louarn et al., [ 1998, 2000]. It is associated with the development of a particular magnetic activity in the outermost part of the Io toms, over periods of 2-4 hours and in sectors of longitude with a typical 30o-80 ø longitudinal extension. At distances ranging from 10 to 13 Rj, the activity itself is characterized by the generation of low-frequency magnetic oscillations (18 min periodicity in the present case) that correlate with dispersionless energetic electron injections and modulations of the auroral radio flux. When they are observed a few hours after their formation, these injections present a weak energy-time dispersion and are still periodic. They then progressively mix and finally define a region of limited longitudinal extension where the density of energetic particles is particularly large. We show that this region corresponds to the source of the narrowband kilometric radiation (n-KOM). By combining remote sensing radio observations, in situ particle, and magnetic field measurements, we show that the active zone where the large scale disturbance initially develops most probably does not corotate and would even be almost fixed in local time. In the present case, the magnetospheric event is the consequence of two activations separated by a few hours. They occur in two separated longitude sectors and give rise to two different n-KOM sources. During the event, some 1012 W are transferred to the electron population. It is proposed that this set of phenomena is the manifestation of a sporadic dissipation of a part of the Io toms rotational energy and would be thus associated with the development of a large-scale instability in the external part of the Io toms.
Introduction
The Jovian magnetosphere is a complex system in both structure and temporal behavior. In short, it can bc described as a magnetic environment driven by the fast rotation of its central spinning object, Jupiter, and populated by ions coming mainly from one of its moons, Io. Thus it has common features with the environments of more exotic substorm activity ] can be described as the quasi-periodic occurrence of "energetic events" [Louarn et al., 1998 ]. They typically last a few hours and have shown a periodicity that varies from 2-3 days to more than 8 days during the 1996-1997 period. These "events" correspond to global increases in the flux of the various Jovian radio emissions and to spectral/temporal modifications of their morphology. They are characterized by the simultaneous observation of (1) enhanced auroral radio emissions, (2) creation of new sources of narrowband kilometric radiation (n-KOM) in the Io torus, and (3) large-scale variations in the plasma density of the distant magnetodisc. This activity thus affects almost simultaneously the auroral zones of Jupiter, the Io torus, and the distant magnetodisc. It also corresponds to the detection of quasi-periodic bursts of particles with energies up to the MeV range in the distant magnetodisc ]. More recently, Louarn et al. [2000] have shown that the events trigger sudden thickenings (over a few hours timescale) followed by more progressive thinnings of the magnetodisc (over a few tens of hours). These variations of the width of the disc are particularly visible when Galileo is in the morningside of the magnetosphere, which was the case of the orbits G2 and G7 studied by Louarn et al. [2000] . One particularly clear case was studied in detail (orbit G7, day of year 83 in 1997 (DOY 97-083)). It was possible to show that the variations of the width of the disc are not compensated by variations of the density. These variations then actually correspond to fluctuations of the surface density of the disc, this quantity suddenly increasing during the event and then progressively decreasing. This suggests that the events could correspond to sporadic evacuations of plasma from Io's torus and thus initiate phases of strong radial plasma transport across the magnetodisc. The energetic events would thus be an important step in the dissipation of the rotational energy of the torus/magnetodisc system. These new observations lead to the conclusion that the relaxation of rotational energy is far from being a stationary process. The description of the short-timescale processes associated with the relaxation is the main topic of the present paper.
Most of the recent works presented above are based on remote-sensing techniques or on Galileo observations obtained in the distant magnetodisc. To better understand the Jovian activity, in situ observations in the torus/magnetodisc region are essential. Recently, using the energetic particle detector (EPD) on board Galileo, Mauk et al. [1997, 1999] have reported on the discovery of energy-time dispersed signatures of energetic particle injections in the inner magnetosphere. For the 10 first orbits of Galileo around Jupiter, over 100 injections have been detected, at distances ranging from 9 R i (the minimum Galileo-Jupiter distance for the studied orbits) to 27 Ri, in the transition region between the quasi-dipolar magnetic field and the more stretched configuration corresponding to the magnetodisc. These injections do not seem to be organized in local time or in system III longitude. They present some analogies with the substorm-related injections observed in the terrestrial magnetosphere. They may testify to the existence of sporadic energetic processes and the question of their relationship with the "energetic events" must thus be considered in detail.
We will concentrate here on the study of a particularly instructive example of magnetospheric disturbance that has been observed during the C3 orbit (DOY 96-311). In section 2, we establish the equivalence between "magnetic storm" (EPD observations) and "energetic event" (plasma wave (PWS) observations). We will then combine PWS, magnetic (MAG) and EPD observations to better describe the pertinent temporal and spatial scales of the phenomenon (sections 3 and 4). Then, after energy considerations (section 5), we will conclude with a model of the Jovian activity that synthesizes the present observations (section 6).
Before going into a detailed analysis, it must be acknowledged that our study is based on the observations of a single case. The "C3" event is indeed the only major magnetospheric disturbance that has been observed so far near perijove (at less than 12 R•). Owing to its uniqueness, this example is particularly important. However, the generality of the reported observational facts is not guaranteed, and the model of the activity that we will propose has thus to be considered with care. _  ,  ,,,  ,,,,,  ,  ,  ,   ,  ,,,  ,,,,,  ,  ,  ,  ,   -• :,, ,•   '  I  I I I  II i i I  I  I  I  I :   _  -,  ',,', , , , ,_   ii i•!  I  i  I  I -_  I  I  I I  !1 I I I  i  I  I  I'   -I  i  I I  II I I I  I  I  i  I-' , , I Let us first consider the PWS observations. They consist of dynamic spectra measured by the PWS electric antenna. In order to enhance legibility, the original data set (spectra from 5 Hz to 5.6 MHz recorded each 36.7 s) is divided in two spectral domains: from 400 kHz to 5.6 MHz (Plate l a) and from 70 kHz to 140 kHz (Plate lb). The wave dynamic spectra (unit: Vm-•Hz -•/2) are coded by using a "rainbow" color scale, the maximum (minimum) intensity corresponding to red (deep blue). The wave electric field integrated over the bands is displayed in Plates l a and lb (black line superimposed in the plots, units: V/m). The two frequency domains correspond to radio emissions of different origins. In the upper band (Plate l a), the experiment mainly detects emissions generated along the auroral field lines. They present similarities with the terrestrial auroral kilometric radiation. They are likely to result from a direct amplification of the electromagnetic waves by populations of accelerated electrons in the 10 keV range (the cyclotron maser instability). They are thus related to the auroral activity, and their flux can be considered as a good proxy for magnetospheric activity (see Kurth and Gurnett [1998] for a discussion in the terrestrial case). This characteristic of the auroral radio emissions has been largely used by Louarn et al. [1998, 2000] for surveying the long-term temporal variations of the jovian magnetospheric activity. In the lowerfrequency band (Plate lb), two types of emissions are detected: (1) the so-called b-KOM, which is simply a lowfrequency extension of the auroral emissions (for example, the emission above 100 kHz around 10:00), and (2) a brighter narrowband emission presenting a pronounced 10 hour periodicity and a spectral peak around 100 kHz. This is the so-called n-KOM. This emission is particularly visible during DOY 312. Its organization in regular flashes presenting a 10 hour periodicity (around 48:00, 59:00, and 70:00) is explained by the rotation of its sources in the outermost regions of the Io torus [Reiner et al., 1993] .
Before the data gap that occurs from approximately 19:30 to 22:00, the intensity of the auroral radiation is low (wave electric field smaller than 10 -3 V/m in average) and no n-KOM is detected. This is already the case on earlier days (DOY 308 and 309; data not shown here). After the data gap and during the first hours of DOY 311 (period centered at 25:00), the auroral flux is larger by almost I order of magnitude (wave electric field larger than 5x10 -3 V/m in average). This period of large flux is also characterized by the observations of numerous bright spectral features. The flux then decreases (after 29:00) but still remains relatively high during DOY 312. At comparable distances from Jupiter, it is indeed typically a factor of 2 larger during DOY 312 (2xl 0 '3 V/m in average) than during DOY 310. It is clear that the magnetosphere is more active after DOY 311 than before. This is confirmed by the observation of bright sources of n-KOM on DOY 312 and for successive days after that are not seen on DOY 310 and before. Following Louarn et al. [ 1998, 2000] , we conclude that an energetic event occurred during the last hours of DOY 310 (perhaps starting during the data gap) and the first hours of DOY 311 (before 29:00).
Strictly speaking, the energetic events have been defined by the simultaneous observation of an increase in the auroral radio flux and the creation of a new n-KOM source. In the present case, the fact that Galileo is close to Jupiter and in dense plasma regions precludes the direct observation of the n-KOM during DOY 311. Wave activity is nevertheless observed in the frequency domain of the n-KOM during the first hours of DOY 311 (for example, at 25:00 and 35:00). As discussed later, this suggests that a new n-KOM source actually begins to emit during this period. In conclusion, the wave/particle instruments on board Galileo give evidence for the development of a strong magnetospheric activity during the first hours of DOY 311.
These observations suggest that the energetic events described by Louarn et al. [1998, 2000] correspond to phases of strong energetic particle injections in the external part of the Io torus (the "storm" described by Mauk et al. [1999] ). They also show that there is a close relationship between the development of this major magnetospheric disturbance and the generation of strong magnetic perturbations in the inner magnetosphere. Does this really mean that all these phenomena are the manifestations of the same basic magnetospheric process? We will now try to answer this critical question by a more detailed analysis of the phenomena. With the exception of the transient signature occurring at 29:30, the energy dispersion of the injections is smaller than 10 min and even smaller than 5 min for 10 of them (in particular, for five short injections occuring during a I hour period around 26:00). Using a classical formula for the bounce average drift velocity of particle in a dipolar field: <vB>-( 6 W/qBR)(0.35 + 0.15 sin or), where Wis the particle energy, q is the charge, ot is the pitch angle, B is the equatorial magnetic field and R is the distance to the planet [see Cravens, 1997 One also notes that the injections occur in a quite regular way. They present a typical periodicity of 18 min from 23:00 to 28:00. This periodicity concerns both weakly dispersed and dispersionless injections. As described now, the same type of periodicity is observed for the other measured quantities. The n-KOM sources, the clustered injections observed during the event (rotation 1), and the large electron fluxes observed after the event (during rotations 2 and 3) are thus related. The n-KOM sources indeed correspond to longitudinal sectors characterized by a large phase space density of the energetic electrons and presenting a drift of 15 ø per rotation. These local maxima in the phase space density are well organized in system III longitude and persist over a few rotations (at least, we directly observe them from rotation I to 3). They are directly related to the clustered injections that have occurred during the magnetospheric event (defined as periods I and 2) and then, to the active sectors of longitude where the large-scale disturbance corresponding to the magnetospheric event has first developed. 
Direct in Situ Analysis of a Jovian

Analysis of the Energy Dissipation
As already mentioned, the radio observations suggest that the magnetospheric event corresponds to a phase of strong energy dissipation in the magnetosphere. We note that the flux is more than I order magnitude larger during the event than before and that it remains relatively large (a factor of 4 larger) for a few tens of hours after. An estimate of the average flux of the Jovian auroral radio emission is 10 9 W (this number depends on the assumed directivity of the emission [see Carr et al., 1983] ). From this estimate, we would thus obtain emitted power of the order of 10 'ø W during the event and 4x 10 9 W after the event. Would it be possible to get any direct evidence for an associated energy dissipation in the internal magnetosphere?
In Figure 7 , we analyze the evolution of the energetic particle content of the inner magnetosphere as a function of Let us first discuss some of the implications of the observations reported in sections 2, 3, and 4. One of the crucial points appears to bc the intcrprctatiQn of the 18 min oscillations. This oscillation is indeed related to both remote sensing (radio waves) and in situ observations (magnetic field and particle count rates). As discussed now, the combination of the two types of measurements can help to solve some ambiguities on the spatial-temporal character of the phenomena. Is it purely temporal or does it result from the motion of a spatially organized region?
We already note that the weakly dispersed injections (as those observed around 28:00) are likely related to energization processes that were active a few hours before (4 hours from our estimates). These injections are not associated with a particular activity at their time of observation. For example, they do not correlate with magnetic fluctuations. It is reasonable to admit that their periodicity is not a purely temporal phenomenon, but rather results from the combined effects of their longitudinal organization and the corotation. The 18 min periodicity would then correspond to a typical 10 ø longitudinal separation of the injections.
The application of this simple spatial model to the explanation of the radio modulations presents difficulties. Let us indeed assume that the radio oscillations are mainly due to the rotation of a spatially organized region. From the observed correspondence between the dispersionless injections and the radio fluctuations, we deduce that the same type of organization would exist in the equatorial plane (where Galileo makes the in situ measurements) and in the auroral regions (where the auroral radio emissions come from). The radio fluctuations would then be explained by the motion of auroral "bright" radio spots separated by a few degrees in longitude. Such an explanation nevertheless requires that the PWS experiment detects the spots one after the other. of an activation that has occurred a few hours before (4 hours from our estimates). The radio signature of this activation could thus be the significant radio flux increase observed from 23:00 to 24:00. The magnetospheric event itself (the whole disturbed period lasting from 22:30 to 28:00) would then correspond to the succession of two individual dissipation processes, one active before 24:00, the other still active at 26:00. Each of them creates its own system of spatially organized injections. Both processes operate in welldefined longitudinal sectors during typically 1-3 hours (as estimated from the duration of the strong auroral radio events). These sectors will later correspond to distinct sources of n-KOM. In the framework of this model, it is interesting to note that the observation of a similar periodicity for both dispersionless and weakly dispersed injections (as is observed here) would imply that the active zone is almost fixed in local time.
Summary and Comments
In conclusion, this multi-instrument analysis of a Jovian magnetospheric event leads to the following results:
1. The "C3 magnetic storm" described by Mauk et al. [1999] is a temporal event that precisely corresponds to an "energetic event" similar to those described by Louarn et al. [1998, 2000] 
